Abstract-Islands often are confronted with severe energy challenges especially those far from the main land which operate as isolated energy systems. In those cases electricity, the queen of the energy vectors shall be obtained from diversified sources to alleviate the burden of the dependence on fossil fuels. Thereby, the generation of electricity from renewable energy sources in combination with electricity storage becomes an irrecusably challenge in the nearby future. Often a variety of criteria can be applied to identify the suitability of technologies, whereas no ideal family of criteria has been defined in the literature. Hence, decision support for energy planning and management is required. This paper reviews the state-of-the-art of multi-criteria decision support methods applied to renewable energy and storage technologies. It will be analyzed where the current focus is placed on. The gaps of those analyzed studies will be evaluated and key aspects for future energy planning considerations for islands will be proposed. Finally, an outlook for a newly developed concept for island energy planning will be presented. Indeed, for most isolated islands renewable energy technologies in combination with storage devices are a desirable and valued solution for sustainable development.
I. INTRODUCTION
Islands face diverse similarities in terms of their energy problems. Apart from their insularity and often not being grid-connected to the mainland energy network there are commonly social issues caused by not having sufficient energy, i.e. a high degree of young people unemployment that causes a trend of immigration, a lack of specialized work force, different levels of population density or a conservative mentality [1] . Plus, often welfare of islands depends on specific industries, mainly tourism, fishing and local businesses [2] . Even though tourism generates financial benefits, it is also the main driver for another problem; that of an increasing and highly season-depended energy and water demand [1] , [3] , [4] . Indeed, during the peak summer season many islands are confronted with energy security issues [5] . In correlation with tourism a high variation in the number of island inhabitants occurs [4] , which during the main season might exceed that of the off-peak season by a few times [6] .
Considering that the energy demand will continue growing steadily in the next decades, precise energy planning and management as well as changing energy supply alternatives to more local ones can be a solution to overcome these issues [3] .
Electricity represents the most flexible form of energy, as it can be used for heating, transportation and, of cause, as electricity. While fossil fuel imports are severely expensive and make an island dependent [7] , the usage of locally available and abundant resources should be encouraged. In fact, most islands possess a diversity of resources, both on land and at sea. It is a matter of using these resources to foster sustainable development within an island energy system [3] , [8] , [9] .
II. SUSTAINABILITY ASSESSMENT
Sustainability is certainly one of the major aspects for the realization of nearly any renewable energy project. Though, the indicators of a sustainability assessment need to be determined based on achieving a specific objective. As the solution should fulfill an islands energy requirements there are many real world factors that can be affected by the solution. Hence, it is essential to consider the criteria that can be relevant for renewable energy and storage technologies on islands. Since evaluating the consequences of the solution considering multi-criteria aspects is challenging, multi-criteria decision making (MCDM) methods can be applied to the energy planning problems. Such decision support is particularly valued by decision and policy makers.
Ness et al. [10] define "The purpose of sustainability assessment is to provide decision-makers with an evaluation of global to local integrated nature-society systems in short and long term perspectives in order to assist them to determine which actions should or should not be taken in an attempt to make society sustainable".
A large variety of sustainable development indicators and sustainability assessment methodologies is presented in [11] . Thereby, an overall of 41 indices were identified and classified according to number of sub-indicators, scaling/normalization, weighting and aggregation. Besides efforts to measure sustainability as an integral approach, most cases only consider either environmental or economic or social aspects.
In the reviewed researches various sustainable indicators have been applied to renewable energy technologies (RETs) ( Table II) . The success of the assessment depends on the effectiveness of indicators for each criteria on that can correspond to a problem and/or fulfill the objective.
In [12] sustainability criteria (resource, environmental, economic and social) were used for technology selection. The considered indicators were efficiency (%), installation cost (USD/kW), electricity cost (ct/kWh), CO 2 (kgCO 2 /kWh) and area (km 2 /kW). Another approach which only considers techno-economic criteria for onshore and offshore wind, geothermal, small hydropower, solar and photovoltaic power was presented by [13] . While the technical indicators are construction period, technical lifetime, capacity factor and maximum availability, the economic indicators are investment cost, fixed and variable operations and maintenance cost as well as progress ratio. An even more comprehensive list of indicators is presented in [14] , whereas the sustainability aspects are grouped in technical, economic, environmental and social criteria (see Table I ). Because of the nature of the systems the selection process for storage technologies is also based on different criteria and indicators. Barin et al. divide in qualitative and quantitative characteristics to determine the storage energy technology in a power quality scenario [15] . Qualitative indicators focus on load management, technical maturity and power quality; with the respective characteristics being load leveling, load following, spinning reserve, back-up or typical usage.
A sustainability index approach was undertaken by [16] . By this means, a weighted sum approach was used to quantify each indicator according to its importance. Criteria ranged from economic and environmental aspects to risk, but also considered indicators such as reliability, system life or energy density ratio. The evaluation reviewed lead acid and lithium batteries as well as fuel cells, whereas fuel cells come top in the selection process. Further selection procedures that considered similar selection criteria and indicators as the above mentioned researches are presented in [17] - [19] .
This section of the paper clearly demonstrated that there are some common criteria and indicators. Though, it is essential to select an appropriate set of criteria based on the objective of the planning. The whole assessment should be considered as integrated process rather than a solitaire one. Plus, most indicators used for island cases are actually based on cases from the mainland. Therefore, it is necessary to consider criteria that specifically correspond to islands.
III. MULTI-CRITERIA DECISION MAKING METHODS FOR RENEWABLE ENERGY SYSTEMS
MCDM can be an alternative to support decision and policy makers in their decision process. Depending on the values and preferences of a decision maker, different approaches can be attained. The selection process of an appropriate MCDM method for renewable energy planning is discussed in [20] . According to [21] the aims of MCDM are:
 "to aid decision-makers to be consistent with fixed 'general' objectives;  to use representative data and transparent assessment procedures; and  to help the accomplishment of decisional processes, focusing on increasing its efficiency." A very comprehensive review of MCDM methods was undertaken by [22] . The analyzed methods include weighted sum/product method, analytical hierarchy process (AHP), preference ranking organization method for enrichment evaluation (PROMETHEE), elimination and choice translating reality (ELECTRE), technique for order preference by similarity to ideal solutions (TOPSIS), compromise programming (CP) and multi-attribute utility theory (MAUT). Additionally, Wang et al. [14] present fuzzy set methodology, grey relational method and others (i.e. Preference assessment by imprecise ratio statements (PARIS)) as MCDM methods for sustainable energy decision making. Besides, an integrated approach considering MCDM methods along with Geographic Information System (GIS) tools has been established by [23] . Indeed, combinations of GIS and MCDM are used for site selection of technologies; i.e. wind [24] , solar [25] or tidal stream [26] .
It should be noted that the main focus of this paper is not to analyze each method, its strengths and weaknesses, rather than to highlight the multitude of methods available. In the end, the method should be capable of incorporating different decision makerś preferences and data availability.
IV. MCDM METHODS, CRITERIA AND INDICATORS FOR SUSTAINABLE ENERGY PLANNING
Extensive research in the permanent literature has been undertaken to assess the current state-of-the-art of applied and conceptual research in the area of MCDM for renewable energy and storage systems. Therefore, the purpose, criteria, indicators and MCDM method for each research were analyzed. Plus, the data type of criteria (quantitative, qualitative or mixed) and an evaluation if offshore and storage technologies were included in these cases were studied (see Table II ). Additionally, Table III summarizes the applied system size and location as well as the considered technologies. The review of MCDM for renewable energy and storage systems highlights:  Most research is undertaken for technology selections and power system optimization;  Offshore and storage technologies lack consideration;  Combinations of offshore RET and storage technologies could not be found  Criteria vary, but the most common are: technical, environmental, economic and social  The chosen indicators also diverge strongly (the most common by criteria are; technical: efficiency, availability and lifetime; economic: investment cost and O&M cost; environmental: CO 2 emissions and land use; social: job creation, acceptability);  The majority of researches uses mixed data sets with an average set of8-10 indicators;  AHP is the most frequently applied method in the analyzed researches When it comes to the applicability of reviewed studies (Table III) , immediately the high focus on PV (>75%) and wind (>70%) becomes evident. Moreover, biomass, hydro and non-renewables are assessed in around 50% of the researches. Hydrogen and offshore technologies only play a marginal role. In terms of system size various studies focus on island energy systems, but with a limited number of technologies considered. Moreover, it is essential to highlight that none of the studies focused on all technologies. Indeed, out of 47 studies reviewed only twice offshore technologies were considered.
V. DISCUSSION ON FUTURE ENERGY PLANNING CONSIDERATIONS FOR ISLANDS
Owing to its particular, often natural, conditions, isolated islands require a more acquainted usage of renewable resources. Case specific energy planning and management is highly advisable, because each island can be considered as an individual and differing energy system.
The following conductions will reflect upon such a system and point out important aspects to be considered for island energy planning. Regarding the system size, small not grid-connected islands ranging from a few thousand up to a million inhabitants shall be accounted for.
A. Future Development and Energy Time Shift
While an islands energy demand often fluctuates by a few folds within a year, long-term planning considers time horizons of 25 years and more. In this time frame noticeable changes can occur within an island energy system; either increasing or decreasing. Consequently, forecasts are vital to define the compulsory future energy requirements. Such investigation should also consider by how much energy efficiency can decrease consumption and by how much demand changes due to an increase or decrease of habitants. Besides, it should be a major interest to assess the possibilities of energy management. On the one hand side, typical demand side measures are peak clipping, valley lifting, load shifting, strategic conversation, strategic load growth or a flexible load shape. Indeed, high flexibility in the load shape is essential to cope with variable renewables. On the other side, supply side management is desirable. Thereby, the focus is placed on efficiency along the whole value chain, ranging from generation to distribution and the final customer. Smart technology and smart grids are the connection between demand and supply and therefore possess a major role within the planning and secure energy supply. 
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B. Future Development and Energy Vector Shift
In addition to the changes resulting from energy efficiency and time shifts, the effects of energy vector shifts should be assessed. This is particularly important for small island energy systems. There, large scale heat generation from RETs is impractical. Even with combined heat and power systems large heat sinks might be required during off-peak season. This consideration is vital for decision makers, when planning for a system that is mainly driven by renewable based electricity. Indeed, within 25-50 years' time it could be a possible scenario to have the bulk of an islands car fleet powered by electricity. Plus, currently fossil fuel driven heating appliances might be electricity driven by then. Certainly, it is not the intension to replace all heat and transport fuel requirements with electricity. Especially, for the building and industry sector different alternatives of heat generation from renewables are worth considering; i.e. solar thermal, biomass, ground source heat pumps, etc.
Due to the vector shift, and despite the energy savings from energy efficiency and management, the overall electricity demand on an island might increase remarkably within the considered time horizon. Hence, the new energy paradigm will create a new load profile.
Thereby, it should be aimed for a flexible load shape, whereas demand in the form of the inhabitant's requirements can match with the energy provided from renewables. Additionally, storage capacity will be required. This can either be storage plants or batteries, but also fossil fuel powered back-up generators. Nonetheless, with fossil fuel back-up the dependency on fossil fuel imports remains. Consequently, the planning should evaluate some type of storage technology or capacity. Due to the small system size the focus is not places on fast responding back-up capacity for system stabilization, but also long-term back-up when there are longer periods without or limited availability of RET based power. In order to reduce the unavailability of a large share of RET, technology diversification is highly encouraged.
C. Enlarge Number of Technologies within Selection Process
Choosing the right technology is one of the most important tasks for decision makers when undergoing energy planning for sustainable development. While in the past decades the number of possible REt alternatives was rather small, and technologies could be selected mainly from a commercial point of view, by now, several market commercial concepts are available. Many of them are highly competitive with one another. For that reason more precise targets need to be defined before selecting a technology. Emerging concepts, mainly offshore technologies, should not be neglected in the selection process. Especially in spatially limited islands, but also ones that contain heritage and natural habitats, a focus on offshore rather than onshore RETs is advisable.
Besides, islands do not necessarily seek for the most economic supply alternative, rather than for one that is sustainable. Aspects such as reducing import dependency and thus having energy security are often much higher valued.
Indeed, offshore RETs lack of market competitiveness yet, apart from offshore wind. Hence, the expectations and trends are promising. Offshore resources bear several advantages compared to their onshore counterparts, whereas especially environmental and social aspects could favor offshore technologies.
It is this variety of technologies that confronts decision makers with major challenges; 1) what technology or technology portfolio is most suitable one to cover the energy requirements?, and 2) how to combine RET and storage technologies to have a reliable and secure energy system? For that reason decision support methods are helpful to select appropriate technologies according to the preferences and local requirements of the specific case. Though, such methods should be able to incorporate the preferences of decision makers and allow for a differentiation of available data
D. New Island Energy Planning Concept
The discussion has highlighted the need for a holistic approach under the new energy paradigm. Electricity as a dominating energy vector can certainly supply the vast majority of an islands energy requirement with locally abundant resources. Therefore, more precise decision support is required. Diesel generators should only be considered an alternative once the storage system is not able to provide adequate back-up power.
A new concept, based on the conductions of the previous paragraphs is currently under development at the University of Porto. It is intended to develop a method whereby multiple MCDM processes will be undergone to propose a technology portfolio that can cover an islands energy requirements based on a combination of supply alternatives from renewable energy sources. At the present stage the concept is divided in 5 major phases.
1) Define demand and load profiles
The principal step is to define the current energy demand. Therefore, the peak capacity, annual demand and daily load profiles will be aimed for. As the future demand is subject to a variety of external factors, 9 different scenarios will be built to represent the future demand. Those scenarios are the combinations of three alternatives (conservative increase, progressive increase and very progressive increase) stating the amount of electricity to be covered from renewables along with three time frames (10 years, 20 years and 30 years).
 The conservative approach intends to fulfill the future (additional) electricity demand and whatever results from the phase-out of fossil fuel power plants.  The progressive approach foresees replacing all fossil fuel power generation.  Within the very progressive approach all fossil fuel power generation plus all heating and transportation services that can become electric within the specific time horizon shall be covered by renewable energy technologies. Hence, for each of these 9 scenarios daily load profiles are required, depicting the hourly loads over the year. As precise measurements for everyday are often difficult to access and scarce, the profiles for weekday, Saturday and Sunday over the different months or seasons shall be used. A minimum of 3 load profiles is desired to perform the time series simulation in phase 4.
The following assumptions were reflected when compiling the scenarios.
 In all scenarios implying the conservative approach there is enough fossil fuel back-up available to integrate RET.  For all scenarios implying the progressive approach a replacement of all fossil fuel generation by RETs can be done within the proposed time frames.  The load profiles for all scenarios comprising the conservative or progressive approach are identical and will not change over time.  All scenarios including the progressive or very progressive approach consider the usage of storage technologies. Suitable amounts of storage will be defined within phase 4. In order to guarantee 100% system reliability a minimum amount of fossil fuel back-up power might be required.  Scenarios comprising the very progressive approach consider different amounts of energy vector shifts to be undertaken over time. Thereby, aproportionally increasing shifting potential will be considered over the time horizons.  Different load profiles reflecting the service shifts will be applied in the scenarios comprising the very progressive approach.
2) Technology options
This step intends to evaluate different RETs according to the local resource availability and characteristics. In fact, 36 different onshore and offshore technologies will be assessed. Several emerging concepts, especially wave and tidal, can be added once more precise data is available. While the resource conditions assess the general suitability of the technology, with different technology specific characteristics, the number of possible technologies will be reduced and specified. The evaluation criteria are very technology specific and therefore allow for a more precise technology selection. For instance, within offshore wind there are floating and fixed devices, but due to the water depth around an island only floating devices might be suitable. Plus, within the floating devices various considerations regarding the mooring dynamics, hydrodynamics, aerodynamics and so forth are applied. For onshore technologies the criteria are more related to space limitation, shading or land accessibility.
In a similar manner criteria for each technology category have been defined to detect the most appropriate technology choice within each technology category. This primer multi-criteria approach has been chosen to minimize the amount of technologies to be considered for further evaluation.
3) Sustainability assessment
The sustainability assessment will be undertaken for all pre-specified technology choices over the three time horizons (10, 20 and 30 years) . A family of criteria will be defined to evaluate the value and the consequences of the technologies under technical, economic, environmental and social aspects. Therefore, a MCDM process will be undertaken. Equal weighting is proposed in the first instance. Thereby, all pre-specified technologies will be ranked. Learning curves over the time horizons will be associated to each evaluation indicator; i.e. efficiency improvements, cost reduction, local perception, etc.
In a second approach each of the evaluation indicators can be graded by preferences and priorities; for instance by decision makers or energy agencies. This will give applicants of this concept a higher flexibility in their decision making process.
Once all technologies are ranked accordingly, only the top 5 technologies in each time horizon will be considered for further evaluation. Though, it will be a constraint to not use different technology choices with the same resource. The diversity of technologies is desired as the amount of storage can be reduced and the system becomes more reliable.
4) Determination of energy mix
At this stage the technologies and their natural resource availability are identified. The latter can be obtained from local weather stations. Additionally, the primarily collected load profiles for each scenario are available. Based on a time-series approach that considers the availability of each resource for each hour of the year along with the demand profile that defines the load for each hour of the year it is intended to define the energy mix that minimizes the maximum amount of RET and storage to be required. As a result, the energy mix for each of the 9 scenarios could consider up to 5 different technologies. At the current stage only one storage technology will be considered to cover the required back-up power. Though, it will be a further step to make use of multiple storage devices that can respond to the required services; some being used for grid stability and others for long-term energy storage.
Within this approach further technical parameters such as system availability, reliability and losses shall also be considered. The aspects of time constraints or network capacity can be for further research. In case no adequate back-up power from storage technologies is available a reversion to fossil fuel generators is considered. By using probability curves the time-series will be run multiple times so that an accurate system can be defined.
5) System analyses
The final step performs a comparison of the energy mix of each scenario considering its additional storage. Therefore, three evaluation indicators will be considered that allow for the selection of the most appropriate scenario and energy mix for an island energy system. The three indicators are levelized cost of the overall system including the storage system, annual CO 2 emissions saved and number of jobs created. Using preferences of the decision maker the most appropriate overall scenario can be determined.
Having used these compound MCDM procedures decision makers have the possibility to select the most appropriate technology mix from a very large number of technology choices. Moreover, the comparison between scenarios considering different time frames and amounts of power to be covered from RET, allows for a better understanding in defining long-term strategies for sustainable development.
VI. CONCLUSION
Even though some of the reviewed multi-criteria decision making methods were applied in the context of islands, the amount of technologies and aspects considered was limited. Indeed, the main objectives were technology selection, site location and power optimization rather than planning for a holistic sustainable future. New concepts, including energy time and vector shift, are essential for island energy planning. Besides, sustainable development calls for a reduction of fossil fuels and import dependency, for which reason the usage of local abundant resources is highly encouraged. A new concept implying multiple MCDM processes to select from a vast number of technologies has be introduced.
